Purpose To test the effectiveness of our Canadian retinopathy of prematurity (ROP) screening guidelines as applied to high-risk premature infants. Study Design Retrospective longitudinal cohort study. Subjects A total of 969 infants were examined longitudinally between 1991 and 2000 and 46 of these infants screened were treated for severe ROP. Methods Data from weekly ROP screening examination results were collected from a geographical area and analysed. Results The average incidence of severe ROP requiring treatment in the population of premature infants eligible for screening was 48.3 per 1000. In all, 46 infants were treated in this cohort. The mean gestational age (GA) was 25.5 weeks of age and the mean birth weight was 750 g. The mean chronological age (CA) and postmenstrual age (PMA) at the time of first screening was 36 days and 30.7 weeks, respectively. The first identification of any ROP in this group was at a mean CA 60 days and PMA of 34.1 weeks. The mean CA and PMA of the first observation of stage 3 were 74 days and 36.3 weeks. The mean CA and PMA at the time of treatment were 86 days and 37.7 week. Conclusions Our observations and analysis indicate the following ROP screening recommendations: infants of 28 weeks of GA or less, infants with a GA between 28 weeks and 30 weeks should have a single 'spot examination' at approximately 37 weeks of PMA (or prior to discharge from hospital) to include possible outliers; infants born with a birth weight of 1250 g or less; initial screening examination should be at 31 weeks of PMA or 4 weeks of CA, whichever is later; in the presence of any active ROP, the infant should be followed every 1-2 weeks; and stage 3 should be followed at least every 7 days.
Introduction
The primary objective of screening is to find disease at a time that is appropriate for intervention or treatment. This is particularly true when screening for retinopathy of prematurity (ROP) as there is clear evidence that treatment must be provided within a particular range of severity of the disease. 1 Since validation by the collaborative Cryo-ROP study of the benefits of surgical intervention for severe ROP, guidelines for screening have been established in many countries. (Table 1 ). They vary with respect to the degree of prematurity as measured by gestational age (GA), birth weight, the timing of initial examination, and the frequency of subsequent examinations. The Canadian guidelines were established using available data and the agreement of individuals experienced with the recognition and treatment of ROP. 2 We have tested the effectiveness of those guidelines as applied to the high-risk premature infants born in southern Alberta and southeastern British Columbia who were all attended in the tertiary level intensive care units within the Calgary Health Region. We have examined all data on the development of ROP in those infants that required treatment over a 10-year period looking for evidence that the guidelines were accomplishing the objective of timely recognition of serious vision-threatening ROP.
Methods

Study design
The study was approved by the Child Health Research Unit of the Alberta Children's hospital and the University of Calgary Ethics Review Board. The inpatient and outpatient records of all infants who were treated for severe ROP in the Calgary Health Region from 1991 to 2000 were reviewed. Patient demographics, dates of each examination, and results were recorded for all infants in this 10-year period.
Screening criteria
Examinations were carried out according to the Canadian Screening Guidelines for ROP as follows: infants born with a GA of 30 weeks or less; and a birth weight of 1500 g or less or at the discretion of the attending neonatologist. 2 The first ROP examination was performed between 4 and 6 weeks of chronological age (CA) by four paediatric ophthalmologists. Subsequent examinations were scheduled at 2-week intervals if no ROP was present and weekly if ROP was detected. 3 
Clinical examinations
The infants' pupils were dilated with a combination of 0.2%. cyclopentolate and 1.0% phenylephrine drops, topically administered 45-60 min prior to the scheduled examination and repeated. Topical proparicaine (0.5%) was applied immediately before the examination. Indirect ophthalmoscopy and/or direct ophthalmoscopy through an infant gonioscopy lens of the entire retina was performed. The quality and quantity of ROP was recorded according to the International Classification of ROP. 4 Prior examination results were routinely observed, which enabled the identification of change as well as detecting possible error with the former or current examination results. Thorough comparison and discussion over the years prior to the study assured interobserver reliability, particularly with respect to the identification of stage 3 ROP.
Follow-up examinations
All infants in the geographic study area who had serious ROP and any who developed visual disability or blindness from ROP become known to the paediatric ophthalmologists at the Eye clinic and the Perinatal follow-up clinic of the Alberta Children's Hospital.
Definition of terms
GA: By convention, GA refers to weeks since the onset of the last menstrual period to the time of birth, with 40 weeks of GA considered to be full term. Accordingly, the actual gestation is approximately 38 weeks for a term birth. Although incorrect, it is not our desire to alter that historic convention. The assigned GA for any premature infant is based upon the best estimation by the attending obstetrician and perinatologists supported by history, last menstrual period, ultrasound, and the Ballard or Dubowitz score. 5 Chronological age: Age since birth to the particular event in days or weeks.
Postmenstrual age: This term is used to maintain consistency with GA and represents the number of weeks from birth, adjusted according to the GA.
Data handling
The data were entered in Microsoft Excel in duplicate. All statistical analyses were carried out with Intercooled Stata Version 6.0 (College Station, TX, USA) (68). All tests were two-sided (where applicable), and significance was defined as P-value o0.05. Univariate descriptive statistics were used to identify potential data entry errors and characterize subjects. Continuous variables were 
Results
Patients
From 1991 to 2000, 969 premature infants from the Calgary Health Region who survived to 6 weeks of age, became eligible for an ROP screening examination according to our guidelines. The incidence of severe ROP requiring treatment among survivors with a birth weight of o1240 g, for each year of the study is listed in Table 2 . The average incidence was 48.3 per 1000. In all, 46 infants (29 males and 17 females) were treated for severe ROP during this time period. In all, 15 infants within the cohort were non-Caucasian (one African-American, three of Chinese descent, three Filipino, five from East India, and three native Canadians). During this study period, no infants from our perinatal follow-up clinic were discovered to have evidence of visually disabling cicatricial disease that had not been treated for ROP.
Patient characteristics
The general mean characteristics of these infants were as follows: mean GA 25.5. weeks (range 24-31 weeks, Figure 1 ) with no statistical significance between males and females; and mean birth weight 750 g (range 471-1240 g). There was a statistical significance between males and females with regard to their birth weights (P ¼ 0.0392). The mean birth weight for male infants was 800 and 680 g for the females. No infant with a birth weight greater than 1240 g was treated for ROP within the study period. Table 3 reports the general characteristics of prematurity of this group.
The mean CA and postmenstrual age (PMA) at the time of the first screening examination was 36 days (range: 20-86 days) and 30.7 weeks (range: 26.9-37.3 weeks), respectively ( Table 4 ). The first identification of any ROP was at a mean chronological of 60 days (range 27-114 days) or a mean PMA of 34.1 weeks (range: 29.9-42.3 weeks). The mean CA and PMA at the time of the first observation of any stage 3 ROP were 74 days (range 27-114 days) and 36.3 weeks (range: 31.4-42.3 weeks), respectively. The mean CA and PMA at the time of treatment were 86 days (range: 31-138 days) and 37.7 weeks (range: 32.4-44 weeks), respectively ( Table 5 ).
Discussion
It is considered fundamental that ROP screening guidelines should ensure that all potential infants requiring treatment be captured by the criteria of birth weight and/or GA. Screening has become of even greater importance in the last 10 years as the parameter of 'success' in ROP management is prevention of visual disability as compared to preventing legal blindness.
Since the location, extent, and stage of ROP have been meticulously documented in our neonatal nurseries since Gestational age (wks) n=46 mean=25.5
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, at intervals from a maximum of 2 weeks to a minimum of 1 day, the data set was reliably poised to test our Canadian guidelines.
Is the guideline for screening all infants with a GA 30 weeks or less valid?
Study infants requiring surgical intervention for severe ROP were born from 23 to 31 weeks of gestation. The single infant born at 31 weeks would have been missed if GA was the sole criterion for screening. Accordingly, this guideline would fail on that parameter alone. Fortunately, this infant qualified for screening on the basis of birth weight (infant's birth weight was 970 g). Additionally, the neonatologists were concerned as the infant had a particularly difficult course following intrauterine growth retardation. This outlier highlights the importance of the screening caveat from the attending neonatologists. Considering our entire cohort, other than this outlier, all other infants had a GA of 28 weeks and less.
Is the guideline for screening all infants with birth weight of 1500 g or less valid?
The range of birth weights of those treated infants was 471-1240 g. No infant weighing more than 1240 g at birth developed treatable stage 3 ROP in our geographical region during the study period. Although our study cohort does not include those infants who may have had published data collected from 14 intensive care nurseries across Canada supporting screening only those infants having a birth weight of 1200 g or less. This study included 16, 424 premature infants, in which all but one treated patient (GA of 32 weeks and birth weight of 1785 g) had a birth weight less than 1200 g. Reducing the birth weight criteria from 1500 g to 1200 g reduced the number of infants screened by 46% and was the most cost-effective strategy, reducing the screening cost by approximately 1 million Canadian dollars per year. Also suggested by the authors was a single screening examination at 37 weeks PMA for those infants with a birth weight from 1200 to 1800 g, to include possible outliers. Our study data and data from the Cryo-ROP study 7 also support a 'spot exam' at 37 weeks PMA. This examination could also occur just prior to discharge, as close to 37 weeks of PMA as possible, to prevent loss to follow-up. In both cohorts, the mean PMA at the time of treatment was 37 weeks; therefore, a 'spot examinations' in this time period of infant's at lower risk would potentially capture outliers in need of treatment in a timely manner. This strategy would minimize the frequency of examinations for those infants at very low risk for severe disease.
When should the first examination occur?
The first observation of stage 3 ROP in our cohort had a range of 27-114 days from birth. The CA at treatment ranged from 31 to 138 days. These data would suggest that the first examination for ROP should be within 27-31 days of chronological age. Given that examinations were performed once every 7 days in the presence of any observed ROP, stage 3 ROP could have developed at any time after the preceding examination that had less or no ROP. In addition, no treated infants were observed to have stage 3 before 31.4 weeks of PMA. The earliest PMA at which treatment was considered necessary was 32.4 weeks (range 32.4-44 weeks). These data support the first ROP examination at 31 weeks of PMA to catch the earliest possible stage 3 disease.
The first examination at 4 weeks chronologic age or 31 weeks PMA, whichever is the later, would capture all at risk in our study group. By adjusting the timing of the initial examination, not only are the overall amount of screening examinations reduced but those youngest, smallest infants can be spared examinations at times when they are more fragile and more likely to have an adverse systemic response to the examination. For example; an infant born at a GA of 25 weeks should have the first ROP examination at 31 weeks PMA; not 28 days of life: an infant born at 26 weeks of GA should have the first examination at 31 weeks of PMA: an infant born at 27 weeks of GA should have the first examination at 31 weeks of PMA: and so on (Table 6) .
Our results correspond almost exactly with those published Reynolds et al. 8 This recent study presents data analysis from two prospective randomized trials (Cryo-ROP study and Light Reduction in ROP Study) with an objective to define evidence-based criteria for ROP screening examinations. They conclude that the initial examination should occur at 31 weeks of PMA or 4 weeks' of chronological age, whichever is later.
Is the examination interval of 2 weeks appropriate if the prior examination showed no ROP?
The shortest interval between first observation of any ROP and first observation of stage 3 ROP was zero days, as this particular infant had stage 3 present on the first examination. Therefore, the shortest interval at which any infant required treatment after a negative examination was also 0 days. This infant was an outlier. The mean value for interval between first observation of any ROP and treatment date was 12 days. This suggests that in the presence of any ROP on a particular screening examination, the greatest interval between subsequent examinations should not exceed 2 weeks during the active phase of ROP. As the stage and extent of ROP increases at each examination, the interval between visits should correspondingly decrease at the discretion of the examining ophthalmologist. This concept is also supported by data from the Cryo-ROP study.
7,9
Do we have evidence to support weekly examinations, in the presence of any ROP?
In our study, the shortest interval where treatment was applied after stage 3 was first observed was 3 days, which occurred in a patient born with a GA of 31 weeks, Long term follow-up
We have not analysed our data on this point. The recommendations of performing screening examinations until the retina is fully vascularized or all ROP has resolved appeal to reason in order that the internal state of the eye be known for future reference. This certainly applies to the recommendation that any infant with ROP should be examined within 6 months of their expected full-term birth.
Conclusion
Our observations and analysis and existing published literature indicate that at least in our geographic area, premature infants should be examined according to the following guidelines:
1. Infants of 28 weeks gestation or less. 2. Infants with a GA between 28 and 30 weeks should have a single 'spot examination' at approximately 37 weeks of PMA age, to include possible outliers. If follow-up logistics pose difficulties, this 'spot examination' should occur just prior to discharge from the nursery. 3. Infants born with a birth weight of 1250 g or less.
4. The initial examination should be at 31 weeks of PMA age or 4 weeks of chronological age, whichever is later. 5. If no ROP is present, the examination should be repeated approximately every 2 weeks until vascularization is fully into zone III. 6. If there is any ROP, the infant should be followed every 1-2 weeks until it is evident that the ROP is resolving and vascularization is into zone III. 7. Stage 3 ROP should be followed at least every 7 days or more frequently at the discretion of an ophthalmologist fully experienced with ROP and its treatment.
Revision of existing guidelines for most countries, according to our recommendations, would allow fewer examinations of the smallest infants, decrease manpower demands on screening physicians, and result in savings to our health-care systems.
